Three-year survival for 163 consecutive medically treated patients with 50% or greater left main stenosis was 50%. Survival was From the
in RVSTIs that accompany either CRBBB or poor myocardial contractility, patients not having either of these abnormalities have changes in the RPEP/RVET ratio that appear largely to be the result of changing PADP.
In normal pediatric patients, the RPEP/RVET ratio provides a noninvasive index of right ventricular performance through a wide range of HR and ages. In patients with congenital heart disease, this ratio is superior to either RPEPC or RVETC in estimating the PADP. Although the wide range of normal values limits the sensitivity of the RPEP/RVET ratio in detecting mild increases in PADP, a ratio less than 0.30 clearly implies normal PADP. In patients without CRBBB or cardiomyopathy, the ratio provides a good estimate of PADP. Its greatest strength lies in the sequential evaluation of patients who may at some time need cardiac catheterization or corrective surgery. significantly higher for patients with 50 to 70% left main stenosis (one and three-year survivals of 91% and 66%) than for patients with 70%o or greater left main stenosis (one and three-year survivals of 72% and 41%). In fact, left main lesions of less than 70% were not associated with the increased risk usually attributed to patients with left main stenosis. A THE HISTORY OF LEFT MAIN STENOSIS began with the first clinical description of acute myocardial infarction by James Herrick of Chicago in 1912.1 Herrick's patient was a 55-year-old male who died in cardiogenic shock after a period of 52 hours. At autopsy, his patient was found to have extensive necrosis of the left ventricle associated with total occlusion of the left main coronary artery by a thrombus overlying an area of atherosclerotic narrowing. Over the succeeding years, left main stenosis has been found to be the number of noninvasive and catheterization characteristics were significant predictors of survival for patients with 70% or greater left main stenosis. Noninvasive descriptors defined a low risk subgroup (one and three-year survivals of 97% and 74%) and a high risk subgroup (one-and three-year survivals of 59%o and 25%). These observations have important implications both in assessing therapeutic interventions and in managing individual patients. most prognostically important single lesion involving the coronary arteries. Long-term mortality for medically treated patients with left main stenosis has been reported by different investigators as 29% at 18 months,2 39%o at two years,3 48% at two years,4 35% at 30 months,5 and 51% at five years.6
Although the prognosis for the overall group of patients with left main stenosis is undoubtedly grave, the prognosis for individual patients must vary. The purposes of this report are: 1) to review the natural history of patients with left main stenosis; 2) to determine the prognostic significance of different degrees of left main stenosis; and 3) to determine if prognostically important descriptors can be identified and used to characterize high and low risk patients with significant left main stenosis.
Methods
During the period from November 1969 to June 1977, 3,498 consecutive patients underwent cardiac catheteriza-tion for suspected ischemic heart disease at Duke University Medical Center and the Durham Veterans Administration Hospital. This figure excludes patients who had prior revascularization procedures, congenital heart disease, idiopathic hypertrophic subaortic stenosis, or valvular disease other than mitral insufficiency thought to be secondary to ischemic heart disease. Information on these patients was collected prospectively as described previously7 and stored in a computerized information system.8 Follow-up data on lifedeath status were obtained at six months, at one year, and at yearly intervals thereafter following catheterization. Followup data were over 99% complete, i.e., follow-up information at each interval for all patients was known in over 99% of instances in which the patient had reached the appropriate interval. Survival rates were calculated using a modification of the Cutler and Ederer9 life table method. At each interval, patients who had not reached the anniversary date did not enter into the life table survival calculations because mortality status was not determined between intervals. Differences in survival between high and low risk subgroups were tested for statistical significance using the chi-square statistic within the categorical linear models framework. 10 Of the patients who underwent catheterization, 345 (9%) were found to have 50% or greater reduction of luminal diameter of the left main coronary artery, and 866 (25%) were found to have three-vessel coronary artery disease and a normal left main coronary artery. Three-vessel disease was defined as 70% or greater reduction in luminal diameter of all three remaining major coronary arteries (left anterior descending, left circumflex, and right coronary artery). One hundred eighty-two of the 345 patients with 50% or greater left main stenosis and 387 of 866 patients with three-vessel disease and a normal left main coronary artery subsequently underwent bypass surgery within six months of catheterization. The remaining 163 patients with 50% or greater left main stenosis and 479 patients with three-vessel disease and a normal left main coronary artery who were managed initially with medical therapy alone form the subjects of this report. Eleven of the 163 patients with 50% or greater left main stenosis and 28 of the 479 patients with three-vessel disease and a normal left main coronary artery underwent operation more than six months following catheterization. These 39 patients were included as alive at the follow-up interval immediately prior to surgery and were not used in calculating survival rates thereafter.
To determine the prognostic significance of different degrees of left main stenosis, long-term survival in patients with 50 to 70% left main stenosis was compared with that of patients with 70% or greater lesions. In order to determine if varying degrees of left main stenosis were associated with increased risk, it was necessary to compare these survival rates to those of patients with no left main stenosis, but otherwise comparable amounts of coronary artery disease. Since the vast majority (82%) of patients with left main stenosis had three-vessel disease, survival rates were calculated for patients with three-vessel disease who had 70% or greater left main stenosis, 50 to 70% left main stenosis, or a normal left main coronary artery. There were too few patients to make meaningful comparisons in patients with one and twovessel disease.
Since left main stenosis of less than 70% was not associated with increased risk in the 82% of patients who also had three-vessel disease, only the 98 patients with 70% or greater left main stenosis were considered in the remaining analysis. The chi-square test was used to determine the significance of each of 50 baseline characteristics (table 2) as a predictor of one-year survival following the angiographic documentation of prognostically significant left main stenosis. Those baseline characteristics which were found to be significant predictors of one-year survival were used in combination to characterize subgroups of patients which were at high and low risk for mortality following angiographic documentation of left main stenosis. Particular effort was made to characterize a low risk subgroup of patients in terms of noninvasive descriptors which might be followed routinely and which might warn of impending higher risk. The survival rates of high and low risk subgroups through three years were determined.
Results
Life Degree of left main stenosis was found to be prognostically important. Life table survival curves for the 65 patients with 50 to 70% left main stenosis and for the 98 patients with 70% or greater left main stenosis are shown in figure 1. Survival for the 50 to 70% subgroup was significantly higher at each interval with three-year survivals being 66% and 41% respectively (P < 0.05).
Life table survival curves for patients with three-vessel disease and varying degrees of left main stenosis are shown in figure 2 . There was no significant difference in survival at any interval between the 53 patients with three-vessel disease and 50 to 70% left main stenosis and the 479 patients with three-vessel disease and a normal left main coronary artery. Three-year survival was 66% and 68% respectively. Survival for the 80 patients with three-vessel disease and 70% or greater left main stenosis, however, was significantly lower at each interval than for patients with a normal left main coronary artery. The three-year survival was only 37%.
Data concerning the prevalence of each of the 50 baseline characteristics for the 98 medically treated patients with 70% or greater left main stenosis are shown in table 2. Those baseline characteristics which were found to be significant predictors of one year survival (or mortality) are shown in table 3 and include the following: history of congestive heart failure, chest pain at rest, cardiomegaly on chest X-ray, ST-T wave changes on the resting electrocardiogram, and Y E A R S FIGURE 2. Cumulative survival rates of medically treated patients with three-vessel coronary artery disease who had a normal left main coronary artery, who had 50 to 70% left main stenosis, and who had 70% or greater left main stenosis.
catheterization parameters indicative of left ventricular dysfunction (abnormal left ventricular contraction, left ventricular end-diastolic pressure greater than 15 mm Hg, and arteriovenous oxygen difference greater than 5.5 vol %). It was possible to characterize a low risk subgroup of $Cardio-thoracic ratio greater than 50 percent. ¶Any area of left ventricular asynergy. patients on the basis of noninvasive descriptors. Thirty-five patients had none or only one of the four noninvasive risk factors: history of congestive heart failure, chest pain at rest, cardiomegaly on chest X-ray, and ST-T wave changes on the resting electrocardiogram. Figure 3 shows the life table survival curves for the 35 low risk patients and the 63 high risk patients who had two or more of the noninvasive risk factors. Survival was significantly higher for the low risk subgroup than for the high risk subgroup at each interval with one-year survivals of 97% and 59% and three-year survivals of 74% and 25%, respectively. Among catheterization descriptors, abnormal left ventricular contraction pattern was found to be the most significant predictor of one-year survival (table 3) . Only 61% of 71 patients with an abnormal left ventricular contraction pattern were alive one year following catheterization, whereas 95% of 27 patients with a normal left ventricular contraction pattern survived one year (P < 0.05). Patients with an elevated arteriovenous oxygen difference (greater than 5.5 vol%) and those with an elevated left ventricular end-diastolic pressure (greater than 15 mm Hg) also had significantly lower one-year survivals.
Discussion
Left main stenosis of less than 70% does not appear to be associated with increased risk in the vast majority (82%) of patients with left main stenosis and three-vessel disease. Patients with 70% or greater left main stenosis, however, have significantly lower long-term survival when compared to similar patients with a normal left main coronary artery. The more appropriate definition of prognostically important left main stenosis would, therefore, seem to be 70% or greater occlusion of the left main coronary artery. The reproducibility and accuracy of the angiographic assessment of the presence of 70% or greater left main stenosis has recently been tested at this institution (unpublished observations) and has been found to approach 100%.
These results also demonstrate the wide variation among patients with this degree of left main stenosis and suggest that the presence of left main stenosis does not define a homogeneous population. Depending upon which subgroups are examined, one-year survival is as high as 97% and as low as 59%. Three-year survival is as high as 74% and as low as 25%.
A number of prognostically important noninvasive and catheterization descriptors have been identified and used to characterize high and low risk subgroups of patients with significant (70% or greater) left main stenosis. Of particular interest is the fact that a low risk subgroup has been characterized on the basis of noninvasive descriptors alone. This subgroup, which represents over one-third of the current Duke series, includes all patients who had none or only one of the following four noninvasive risk factors: history of congestive heart failure, chest pain at rest, cardiomegaly on chest X-ray, and ST-T wave changes on the resting electrocardiogram. Such noninvasive characteristics are especially useful since they might be followed routinely over time and used to detect any change from low risk status.
Previously reported series have noted the poor overall prognosis for patients with left main stenosis.2-6, 11, 12 Initial reports,4' 11, 12 however, included relatively small numbers of patients making it difficult to identify specific high and low risk subgroups. In Talano et al.3 in 1975 . Within a combined series of 145 patients were described 32 patients who were considered operable, but who did not undergo surgery. Survival for these 32 medical patients was 61% at two years. These authors suggested that left ventricular stroke work index (LVSWI) was directly related to survival. Only two of six medically treated patients (33%) with LVSWI less than 18 g-M/m2 survived one year, whereas 16 of 25 patients (64%) with LVSWI greater than or equal to 18 g-M/m2 were alive at one year. Although this trend toward improved survival was interesting, it failed to achieve statistical significance.
The largest series of medically treated patients with left main stenosis prior to the current study was reported by Lim et al.6 in 1975. Five-year survival for 141 patients was 49%. Although these authors did not identify specific high and low risk patients with left main stenosis, they were able to identify a number of prognostically important characteristics. Severity of angina pectoris, history of congestive heart failure, normal electrocardiogram or evidence of left ventricular hypertrophy or conduction delay, three-vessel disease, and generalized decreased left ventricular contractibility were found to be related to five-year survival. These characteristics, like those reported by Cohen et al.,2 parallel closely those found in the current study ( Table 4 shows how unequal distribution of patients with an abnormal left ventricular contraction pattern between two series might reveal an apparent difference in survival solely because one series contained more high risk patients. Oneyear survival is identical for patients in each series with a normal left ventricular contraction pattern (100%) or an abnormal left ventricular contraction pattern (70%). Only 20% of Series A, however, have a normal left ventricular contraction pattern, whereas 80% of Series B have a normal left ventricular contraction pattern. The apparent difference in one-year survival between Series A (76%) and Series B (94%) is attributable to the fact that there are more high risk patients in Series A. Table 5 shows a similar situation in which a genuine difference in survival might not be appreciated if one series had a higher proportion of high risk patients. There is no difference between the two series in one-year survival for high risk patients. Low risk patients in Series B, however, have significantly higher one-year survival. This difference is not apparent in comparing overall one-year survival for the two series since there are more high risk patients in Series B. Prognostic stratification is, therefore, essential to avoid both false positive and false negative interpretations. Finally, the characterization of individual patients with left main stenosis as low risk adds a degree of flexibility to their management which is not present for high risk patients. For example, it appears that urgent aortocoronary bypass with its potentially higher risks is not necessary for all patients with left main stenosis. In low risk patients, surgery can safely be deferred while appropriate preoperative preparations are made. This may entail routine preoperative evaluation requiring only a few days or more extensive preparations such as weight loss or improved pulmonary function, which may take longer. During this time, it appears that changes in pain pattern, heart size or the electrocardiogram, as well as the appearance of signs or symptoms of congestive heart failure, may warn of impending higher risk.
